The proportion of deceased donor kidneys procured for transplant but subsequently discarded has been growing steadily in the United States but factors contributing to the rising discard rate remain unclear. To assess the reasons for and probability of organ discard we assembled a cohort of 212,305 deceased donor kidneys recovered for transplant from 2000-2015 in the SRTR registry that included 36,700 kidneys that were discarded. 'Biopsy Findings' (38.2%) was the most commonly reported reason for discard. The median Kidney Donor Risk Index of discarded kidneys was significantly higher than transplanted organs (1.78 vs 1.12), but a large overlap in the quality of discarded and transplanted kidneys was observed. Kidneys of donors who were older, female, Black, obese, diabetic, hypertensive or HCV positive experienced a significantly increased Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Introduction
Kidney transplantation is the treatment of choice for patients with end stage renal disease (ESRD). 1, 2 However, the supply of kidneys available for transplantation appears to have plateaued in the United States (U.S.). The widening gap between supply and demand for transplantable kidneys has resulted in <35% of patients being transplanted within 5 years of waitlisting, while only 36% of patients on dialysis survive ≥5 years. 3 Nevertheless, the number of deceased donor kidneys that are procured for transplant but subsequently discarded has been growing steadily in the U.S., reaching almost 2,700 kidneys annually. 4 While the discard of a small fraction of organs procured from deceased donors may be inevitable in the pursuit of optimal patient outcomes, the aging of the population and the increasing burden of comorbidities, such as diabetes and obesity, necessitates an improved ability to use less-than-ideal organs.
It is unclear if the rising discard of kidneys is the result of increasing selectivity of organs due to regulatory scrutiny of transplant centers, 5 increasing procurement of lower quality organs, or other systemic factors. 6, 7 Our current understanding of kidney discards is limited to studies that preceded current donor classifications, were restricted to small subgroups of donors or to single donor service areas. [8] [9] [10] [11] [12] [13] The paucity of research and limited understanding of the factors contributing to the high rates of organ discard is a major concern and confounded by the limitations of the data collected by the Organ Procurement and Transplantation Network (OPTN). 6 To our knowledge, this analysis provides the first complete characterization of all deceased donor kidney discards in the U.S., including an evaluation of unilateral discards that are previously undescribed. We identify discard trends over a 16-year period and identify donorand organ-specific characteristics associated with discard. Additionally, using the Kidney Donor Risk Index (KDRI) and Kidney Donor Profile Index (KDPI), we compare the estimated organ quality of transplanted kidneys to those discarded and evaluate the outcomes of unilaterally transplanted kidneys.
Methods

Study design and participants
This study used data from the Scientific Registry of Transplant Registry (SRTR). The SRTR data system includes data on all donors, wait-listed candidates, and transplant recipients in the U.S., submitted by the members of the OPTN. The Health Resources and Services Administration (HRSA), U.S. Department of Health and Human Services provides oversight to the activities of the OPTN and SRTR contractors. We utilized the SRTR standard analytical file (2016 Quarter 1) to conduct a retrospective cohort study to analyze deceased donor kidneys recovered for transplantation from 2000-2015. Over the study period, we identified 212,305 deceased donor kidneys procured for transplantation including 36,700 (17.3%) kidneys that were subsequently discarded. The discarded kidneys were one of three types: (1) bilateral discards: both kidneys from a donor were recovered and discarded; (2) unilateral discards: both kidneys from the donor were recovered, one kidney was discarded while the partner kidney was transplanted; and (3) single discards: one kidney was recovered and discarded. The study cohort selection process is illustrated in Figure 1 .
Each of the 21 discrete reasons for discard identified in SRTR were mapped to eight overarching categories: (1) Extended Ischemia; (2) Organ Damage; (3) Anatomical Abnormalities; (4) Poor Function; (5) Donor History; (6) Biopsy Findings; (7) No Recipient Located and (8) Other. For unilateral discards, the reasons for discard were aggregated into allocation system-related reasons (cold ischemia time accrued/no recipient located), donorspecific reasons (donor history), organ-specific reasons (organ damage/anatomical abnormality, poor organ function, biopsy findings) or other.
Donors with multiple unfavorable characteristics (e.g. terminal sCr > 2 mg/dL, KDPI >85%, age 50 years etc.) are likely to have more of an impact on the discard rate (and thus the probability of an organ being discarded) than when these characteristics occur in separate donors. To account for this in our multivariable model, we identified 14 donor characteristics deemed to be unfavorable and counted how many of these traits each donor had ( Figure 2 ). These 14 undesirable traits included: age > 50 years, obese (BMI >35 kg/m 2 ), AfricanAmerican/Black, history of hypertension, history of diabetes, death due to CVA, terminal sCr >2 (mg/dL), DCD, HCV positive, KDPI >85%, smoked >20 cig packs/year, IV drug use, history of drug use (non-IV), history of alcoholism. Thus, the number of unfavorable characteristics in a given deceased donors could range from none to a maximum of 14.
Estimating Deceased Donor Organ Quality: KDRI and KDPI-For the purposes of this analysis, organ quality was estimated by calculating the KDRI and KDPI, with lower values suggestive of better quality. The KDRI/KDPI are currently used as part of the OPTN allocation system for deceased donor kidneys in the U.S. and have been validated as reliable measures of organ quality in the U.S. and other developed countries. [14] [15] [16] [17] [18] The KDPI is derived from the KDRI, a measure used to estimate the relative risk of post-transplant allograft failure. We calculated the KDRI as described by the OPTN, using 10 donor specific characteristics: age, height, weight, ethnicity, history of hypertension, history of diabetes, cause of death, serum creatinine, Hepatitis C virus (HCV) status, and donation after cardiac death (DCD) status. 19 To generate the KDPI, we mapped the calculated KDRI values onto a cumulative percentage scale. Because our analysis identified kidneys recovered from 2000 to 2015, as recommended by the OPTN, the 2015 scaling factor for converting KDRI Rao to KDRI median was used. 19, 20 For our multivariable models, we chose to include KDRI rather than KDPI because the incremental change in the KDRI per change in the unit change of KDPI is not linear.
Statistical analysis
Pearson's chi-square tests, student t-tests and the nonparametric Wilcoxon/Kruskal-Wallis tests were performed for categorical and continuous variables, respectively. All continuous values are expressed as medians and interquartile range (IQR) or means and standard deviation (SD) where appropriate. Logistic regression models were used to identify predictors of discard (vs. transplant). Transplant, recipient and donor characteristics were viewed as being potential model parameters. Bivariable analysis of each potential covariate was performed; any variable having a significant Wald test was considered a potential candidate for the multivariable analysis. Additionally, in an effort to avoid overfitting, a cluster analysis was performed to understand variable sub-groups. Known clinical relevance also contributed to the final selection of model parameters.
Overall graft failure was considered a composite of both patient death and graft failure. Death-censored graft failure was defined as graft survival censored for death with a functioning graft. Time-to-event was calculated as the number of days from the transplant date to the event, date of censoring (e.g. loss of follow-up), or the end of the study period (3/6/2016). The extent of the overlap in the quality of the transplanted and discarded kidneys was measured using the Bhattacharya coefficient 21 . Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC) and Stata 14.1 (StataCorp, College Station, TX). Statistical significance was identified by a p-value<0.05.
Results
From 2000-2015, we identified 212,305 kidneys that were procured for transplantation (Figure 1) , of which 17.3% were discarded (n=36,700; Table 1 ). The number of deceased donor kidneys being discarded increased 91.5% from 2000 to 2015 (1,561 to 2,990, p<0.001; Figure 3 ) while the quality of organs being recovered for transplant has remained relatively stable (median KDPI 47% to 50%). The increase in kidney discards outpaced the increase in the total number of kidneys recovered, raising the discard rate from 14.9% (2000) to 19.0% (2015) (Figure 3 ). Kidneys with higher KDPIs were more likely to be discarded; about half (50.6%) of deceased donor discards had KDPIs ≤85% (Figure 4 ). Among the 36,700 kidneys that were discarded, 7,873 (21.5%) were unilateral discards, 1,285 (3.5%) represented single discards and the remaining were bilateral discards (75.0%; Table 1; Figure 1) . A higher proportion of discarded kidneys were from older and heavier donors; they had higher KDRI/KDPI scores (i.e. were of lower quality) and higher terminal creatinine (sCr) levels (p-values <0.001). Additionally, discarded were observed to have a higher prevalence of donors who were female (47.2% vs 39.2%), diabetic (20.8% vs 5.8%) and hypertensive (60.0% vs. 24.1%). Discarded kidneys also had a higher proportion of organs that had been biopsied (77.1% vs. 36.1%; p-values <0.001; Table 1 ). While the median KDRI of discarded kidneys was higher than that of transplanted organs (1.12 vs. 1.78, p<0.001), a large overlap (Bhattacharya coefficient 0.83) in the quality of discarded and transplanted kidneys was observed ( Figure 5 ). The donors with discarded organs had a significantly higher number of unfavorable donor characteristics than for those associated with organs that were transplanted (4.0±1.9 versus 2.1±1.7, p<.001).
Unilaterally discarded kidneys had more desirable donor characteristics than bilateral discards (Table 1) , with a lower proportion of diabetic (12.9%), hypertensive (45.7%), and Black donors (14.0%). Unilateral discards had the lowest mean terminal serum creatinine and KDRI/KDPI of all discard types (all p-values<.001). However, a higher proportion of these kidney discards were attributed to organ damage (10.2%) or anatomical abnormalities (12.4%) when compared to bilateral discards ( Table 2) .
'Biopsy Findings' (38.2%) was the most commonly reported reason for discard ( Table 2) . 'Poor organ function' (9.6%), inability to locate a recipient (14.6%) and 'Other' (16.3%) were the other leading reasons for organ discard. The highest proportion of unilateral discards was attributed to 'Other' (23.8%) while 'Biopsy Findings' was the most reported reason for bilateral discards (43.7%; all p-values<0.001). Regardless of discard type, extended ischemia was the least likely reason for discard, representing only 2.5% of discards.
Odds of Discard
On bivariable analysis, kidneys from donors who were older, female, obese, and Black, as well as donors who were diabetic, hypertensive, HCV positive, had elevated creatinine, or died due to a cerebrovascular accident experienced an increased odds of discard (all pvalues<0.001; Table 3 ). The relationship between kidney discard and donor age, gender, diabetes status, hypertension status, elevated terminal creatinine and HCV status all persisted on multivariable analysis (all p-values <.001). Having had a biopsy performed increased the probability of discard almost 6-fold (OR=5.95, p<.001) on bivariable analysis. Additionally, kidneys from donors who had negative social behavior (IV/non-IV drug users, chronic smokers or alcoholics) significantly increased discard odds (all p-values<.001; Table 3 ); these relationships persisted even after adjusting for donor demographics and clinical factors. On bivariable analysis, kidneys with higher KDRIs/KDPIs were more likely to be discarded: every 1% unit increase in KDPI corresponded to a 5% increase in the odds of discard (odds ration [OR]=1.05, p<.001) while every 0.05 KDRI unit increase corresponded to a 14.0% increase (OR=1.14, p<.001). Kidneys with KDPI scores >85% experienced a near 10-fold increase in the odds of being discarded (OR = 9.81, p<.001); while this relationship persisted on multivariable analysis, the odds reduced to a near 2-fold increase (adjusted OR [aOR]=1.98, p<0.001). The more unfavorable characteristics a donor had, the higher the likelihood of discard (Table 3) . Compared to donors with no potentially unfavorable qualities, those who possessed ≥1 experienced anywhere from an 1.41 (for 1 trait) to 21.42 (for ≥5 traits) times increase in odds of discard (all p-values <0.001).
Geographic Variation
From 2000 to 2015, there was a wide variance in the probability of kidney discard across the United States; with the odds ranging from 0.73 to 1.28 across the 11 UNOS Regions (Regions) (Table 4; Figure 6 ). When adjusting for donor demographics, clinical factors and social histories, organs recovered in the Southeast (Regions 11 and 3), the Southwest (Region 4) and part of the Midwest (Regions 8 and 10) experienced an increased odd of being discarded when compared to the rest of the United States (all p-values ≤0.007; Table  4 ). Being procured in the Southeast increased the likelihood of a kidney being discarded by 6-14% (Region 3: aOR=1.06 and Region 11: aOR=1.14) while kidneys from the Southwest experienced a 12% increase (Region 4: aOR=1.12). UNOS regions 8 and 10 in the Midwest showed an increased odd of 8% and 28% (aOR=1.08 and aOR=1.28, respectively). Region 2 in the Northeast and Region 6 in the Pacific Northwest illustrated no significant difference in discard odds when compared to the rest of the United States. Kidney procurement in the West (Region 5), region 7 in the Midwest, or in Regions 9 and 1 in the Northeast proved to be protective against discard (all aOR p-values <.001; Table 4 ). Kidneys recovered in Region 1 were 27% less likely to go unused compared to those recovered in the other UNOS Regions (aOR=0.73), while kidneys from Regions 5, 7 and 9 saw a 16%, 17% and 19% decreased probability of discard, respectively.
Unilateral Transplant Outcomes
The number of deceased donor kidneys that were transplanted while their partner kidneys were discarded is increasing ( Figure 1) ; contributing to 7,873 discards from 2000-2015. Unilateral transplants had a median follow-up time of 3.0 years (IQR=5.0). Kidneys of partners discarded due to donor-specific reasons experienced the longest follow-up times (median=4.0 years; IQR=6.1) while kidneys with partners discarded as a result of allocation system related reasons experienced the shortest (median=2.0 years; IQR=3.7; Table 5 ).
Recipients of unilateral transplants, irrespective of the cause of the unilaterally discarded partner kidneys, experienced a 1-year death-censored graft survival rate > 90% (Table 5) , while recipients of the kidney whose partner kidneys were discarded due to allocation system related reasons (e.g. extended ischemia and no recipient located) experienced a 1-year graft survival rate of 96.5%. Failure rates for transplanted kidneys for other discard categories were also low (Organ Specific: 6.2%; Donor Specific: 5.7%; Other: 5.1%; Table  5 ). Even among recipients with data at the 5-year mark (n=2,755), failure rates were very low (Organ Specific: 12.9%; Donor Specific: 14.1%; allocation Specific: 11.4; Other: 11.9%).
Overall graft survival rates at 1-year post-transplant ranged from 85.0% to 87.9% (Table 5) . Recipients of kidneys whose partner kidneys were discarded due to allocation system specific reasons experienced the lowest 1-and 3-year graft failure rate (12.1% and 23.9%, respectively); those whose partner kidney belonged to the organ specific discard group experienced the highest overall 1 year graft failure rates (15.0%). The percentage of transplanted partners of unilateral discarded kidneys, at the 3-year mark, was relatively low independent of the reason for discard: organ specific: 26.4%; donor specific: 26.7%; allocation system specific: 23.9%; other: 24.5% (Table 5) .
Discussion
The U.S. discard rate for deceased donor kidneys is high compared to that of other developed countries like the U.K. (12%) 16 and adversely impacts transplantation rates and waitlist times. [22] [23] [24] With the average 5-year survival for all patients on dialysis (36%) being substantially lower than the estimated 5-year graft survival rate (41.1%) for the worst quality kidneys (i.e. those with a KDPI of 99%), the high and apparently rising discard is of concern (average annual mortality rate in 2014 for waitlisted patients was 53.7 per 1000 dialysis patient years at risk). While half the kidneys being discarded had a KDPI >85%, the increasing number and quality of discards over the study period (Figure 4) suggests increasing selectivity by providers and transplant centers -potentially in response to regulatory pressures on transplant centers 5, 23, [25] [26] [27] [28] [29] . Understanding the factors contributing to the discard of organs is essential if utilization rates are to be improved, and examining these factors provides an opportunity for cross-pollination of ideas across different systems that have implemented various strategies to improve utilization rates. 30, 31 Preliminary data (within the first 6 months) following implementation of the new Kidney Allocation System (KAS) in the U.S. (in December 2014) suggests a further recent uptick in the discard of deceased donor kidneys to 20.2%. 32 A similar increase in the discard rate occurred after the introduction of the ECD nomenclature and did not abate, suggesting the more recent uptick in discards is not completely unexpected and may persist in the absence of additional efforts to improve organ utilization rates. 23 A recent analysis by Stewart, et al. highlighted the temporal association between the introduction of program specific reports and an increase in discard rates, as well as the detrimental impact of procurement biopsies while underscoring the beneficial impact of machine perfusion. 23 Our results confirm the significant overlap ( Figure 5 ) in the quality of the kidneys that are transplanted with those that are discarded. While the discard of some kidneys may be unavoidable due to reasons not captured by the KDRI, such as extreme biopsy findings and anatomical variations that pose technical challenges (e.g. multiple arteries), this overlap suggests that there are opportunities for improving organ allocation to facilitate increased utilization. Discarded organs were more likely to come from older, heavier donors who were black, female, diabetic, hypertensive, with undesirable social behavior and higher terminal creatinine. Biopsy findings remain the most commonly reported reason for discard (Table 2) despite growing evidence that questions the role/value of preimplantation biopsy findings, in part because of the poor predictive value of results provided by on-call pathologists with limited or no specific training in renal pathology. 24, [32] [33] [34] [35] [36] [37] [38] [39] [40] Similarly, other leading causes of organ discard including donor history (that would adversely impact allograft function) and poor organ function even though these factors are largely accounted for by the KDRI. Donors of discarded kidneys had a mean of 4 or more unfavorable characteristics -which was significantly greater than those donors whose kidneys were accepted.
While the presence of anatomical abnormalities or damage during organ procurement cannot be easily incorporated into any broad quality score such as the KDRI, the relatively rapid increase in the use of "anatomical abnormality" (from 125 kidneys in 2000 to 202 kidneys annually by 2015) suggests either a rapid increase in the prevalence of anatomical abnormalities among deceased donors or perhaps, an increasing reluctance to use organs with anatomic variations. Further, while organ damage that occurs at the time of procurement appears to be an infrequent and unfortunate reason for organ discard, it should be noted that inadvertent organ damage at the time of procurement from a living donor is likely to result in organ repair and transplantation rather than discard.. Donor-specific factors, including biopsy findings or donor history, can be controlled for since these factors equally impact both kidneys of a donor; and yet we note that with the exception of an increase in organ damage (from 1.6% of bilateral discards to 10.2% of unilateral discards), the reasons for unilateral discard were very similar to that of bilateral discards. This, coupled with the category "no recipient located" being the second most common reason for an organ discard, further supports the notion that factors beyond organ quality appear to influence utilization decisions. 7 Similarly, the unilateral discard of organs due to extended ischemia suggests a system failure to appropriately place a kidney quickly enough with an accepting transplant center. Given recent data suggesting the positive impact of perfusion pumps during cold storage on discards, this is potentially a category of discards that could be eliminated with optimization of post-procurement organ management. 41 While the KDRI is a reasonable and reproducible measure of organ quality, there are several factors within the score that appear to contribute to a far greater extent to the discard of organs. Most notable is that kidneys from HCV positive donors are 5 times more likely to be discarded than not; however, this may be a reflection of the small numbers of potential HCV positive recipients available to accept these kidneys currently. 42 Consistent with prior analyses, we confirmed that DCD status, donor diabetes and terminal serum creatinine are factors that are all independently associated with an increased risk of discard. 43, 44 However, recent evidence suggesting excellent outcomes from diabetic deceased donor kidneys and from organs that have elevated terminal creatinine from acute renal failure do not support these practices. [45] [46] [47] [48] Similarly, the increased risk of discard of kidneys from smokers, independent of organ quality, may reflect theoretical concerns about increased glomerulosclerosis secondary to smoking; nevertheless, there does not appear to be any evidence that this trait has an adverse impact on allograft outcomes in the long-term. 49, 50 A history of IV drug use by the donor, as well as other factors that are included in the CDC high-risk organ designation, are associated with a higher likelihood of discard despite evidence of extremely low rates of disease transmission and the excellent outcomes seen with these kidneys. 51 There are systematic and policy opportunities to lower the discard of these organs. For example, the widespread adoption of nucleic acid test testing to allay fears of transmission and perhaps changing the labeling to better reflect the level of risk from "high risk" to "known risk" would change patient and provider perceptions and concerns. 52, 53 The influence of labels, at least early after introduction, may at least partially explain the recent increase in discards in the KAS in the U.S. especially at the lower end of the quality spectrum. 54 Labels may also lead to the double counting of factors such as the duplicative consideration of donor diabetes status and the KDPI. However, quality-specific labels also provide a potential opportunity to increase the utilization of dual renal transplant for recipients rather than completely discarding these kidneys. 43, 55 The most concerning reported reason for discard is "no recipient located," which suggests a failure of the allocation system to appropriately allocate kidneys to centers or patients willing to accept more marginal organs, especially given recent evidence that even the lowest quality kidneys can be safely transplanted to achieve outcomes far superior to what one can expect with dialysis. [56] [57] [58] Additionally, older kidney transplant candidates gain a survival benefit by accepting high KDPI kidneys and reducing their time on the waitlist, as compared to waiting for kidney with a lower KDPI, or in some instances even waiting for a living donor kidney. 14 This category has grown to the second leading cause of discard, representing 25% of all discards in 2015 and 55% of the total increase in the number of discarded kidneys from 2000-2015 and underscores the need for more granular data capture in order to be able to better understand the factors driving the increase in discard rates.
Unilateral kidneys discards are also rising and of particular concern given that their partner kidneys appear to be associated with excellent post-transplant outcomes and that these kidneys are frequently being discarded for reasons unrelated to organ quality. The unilateral discard of kidneys underscores the contribution of systemic factors to the eventual discard of deceased donor organs that were otherwise potentially transplantable.
The discard of deceased donor organs across the country varied considerably and the factors that contribute to this geographic variation, while unclear at present, likely represent another opportunity to identify factors that are contributing to the phenomenon of organ discard.
While this analysis has the limitations commonly associated with the use of registry data, the absence of more granular data submitted by the OPTN on the reason for discard is significant and is reflected in just how large the "other" category is. 59 Frequently, centers decline an organ for a combination of reasons -for example, long cold ischemia time for a high KDPI kidney when the same cold ischemia time would have been deemed acceptable for a lower KDPI organ. However, the current system does not allow centers to provide this level of detail, which may in turn preclude a more precise assessment of the contribution of secondary factors to discards; or an understanding of systemic and organizational factors that are contributing to the current high and rising rates of discard. 7, 59 We found that "No Recipient Located" is a frequently listed cause of discard; however, given the tremendous shortage of organs, this seems improbable for such a large number of kidneys annually. Although some of the procured but discarded kidneys analyzed in this study could have potentially been successfully transplanted with good outcomes, the quality of the data makes a more precise estimate difficult. While this study provides the first comprehensive characterization of kidney discards in the U.S. and gives insight into why discards are occurring, more sophisticated analyses cannot occur until the OPTN collects more granular data regarding the factors that contribute to organ discard. Our analysis identified a novel description of the significant overlap in the quality of organs transplanted and discarded, donor factors that increase the odds of discards, and the potential for the successful utilization of organs that are currently being discarded. Our findings suggest the need for improvement in the identification, understanding, and recoding of the reasons that result in procured kidneys being declined by transplant programs and eventually discarded as a first step towards becoming better stewards of this scarce and valuable resource. Donors with multiple unfavorable characteristics were identified using fourteen unfavorable characteristics including clinical parameters and demographics. The adjusted odds ratio (aOR) of discard by UNOS region, 2000-2015 Table 1 Characteristics of deceased donor renal transplants and discards among organs procured from 2000 -2015 47.0±15.7
<.001
Gender (% male) 
Median KDPI (%) 1
42 (47) 85 (29) <.001
86 (23) 88 (25) 71 (39) <.001 Table 2 Common causes of kidney discard by discard quality and type of organs procured in the U.S. 57 (54) 80 (37) 84 (31) 80 (35) 89 (22) 87 (25) 79 ( 
